


















08 M easurementsofCP violation parameters
attheNA48experimentatCERN
EvgueniGoudzovski
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A bstract
Recentprecisem easurem entsofCP violation param etersin kaon decaysattheNA48experim ent:
indirectCPV param eterj+   j,and charge asym m etriesin K

! 3 decays,are presented.
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1. Introduction
The CERN program m ein experim entalkaon physicsofthe lastdecadehasbeen car-
ried out by the NA48 series of experim ents.NA48 has accom plished severalphysics
subprogram m esbased on data taken with K L ,K S,K
 and neutralhyperon beam sin
1997{2004.Theprincipalcom ponentsoftheexperim entalsetup (m odi ed and upgraded
in thecourseofoperation)areabeam linefollowedbyavacuum decayvolum e,am agnetic
spectrom eterconsisting offourdriftcham bers,a triggerscintillatorhodoscope,a liquid
krypton electrom agneticcalorim eter,a hadron calorim eter,and and a m uon detector[1].
The present paper reports a num ber recent precise m easurem ents of CP violation
(CPV)param eters:1)the indirectCPV param eterj+   jwith K L ! 
+   decays;2)
the directCP violating chargeasym m etriesofDalitz plotslopesA g in K
 ! 3 and
K  !  00 decays.
2. M easurem ent ofthe indirect C P violation param eter j+   j
Theinterestin aprecisem easurem entoftheindirectCPV param eterj+   j= A(K L !
+   )=A(K S ! 
+   )stem s,in particular,from thefactthatitsrecentm easurem ents
by K TeV and K LO E experim ents published in 2004 and 2006,respectively,di er by
 5% ,orm orethan fourstandard deviations,from the previousworld average.
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The NA48 m easurem entofj+   j[2]isbased on a data settaken during two daysof
dedicated running in 1999.Thedirectly m easured quantity istheratio ofthedecay rates
R =   (KL ! 
+   )=  (KL ! e);thesedecaysarecharacterized by sim ilarsignatures
involving two reconstructed tracksofcharged particles.Then j+   jiscom puted as
j+   j=
s
  (KL ! 
+   )




BR(K L ! 
+   )






In this approach the K L and K S lifetim es K L and K S,and the branching fractions
BR(K L ! e) and BR(K S ! 
+   ) are externalinputs taken from the best single
m easurem ents.
The data sam ple contains about 80 106 2-track triggers.Eventselection is sim ilar
for the K L ! 
+   and K L ! e m odes.A crucialdi erence is electron vs pion
identi cation based on the ratio ofparticle energy deposition in the EM calorim eterto
itsm om entum m easured by the spectrom eter(expected to be close to 1 forelectrons).
Particleidenti cation e cienciesweredirectly m easured and corrected for.
Sam plesof47 103 K L ! 
+   and 5:0 106 K L ! e candidateswere selected,
with about0:5% background contam ination in each.Acceptance correctionsand back-
ground subtraction wereperform ed by M onteCarlo sim ulation.Triggere ciencieswere
m easured directly with the data and corrected for.The m ost relevant system atic un-
certaintiescom e from precision ofsim ulation ofkaon m om entum spectrum ,precision of
radiativecorrections,and precision oftriggere ciency m easurem ent.The  nalresultis
  (KL ! 
+

  )=  (KL ! e)= (4:835 0:022stat: 0:016syst:) 10
  3
: (2)
Thisleads,subtracting theK L ! 
+    directem ission contribution,butretaining the
innerbrem sstrahlung contribution,to
BR(K L ! 
+

  )= (1:941 0:019) 10  3: (3)
Finally,the CP violation param eteriscom puted according to (1)to be
j+   j= (2:223 0:012) 10
  3
: (4)
The result in in agreem ent with the recent K LO E and K TeV m easurem ents,while it
contradictsthe 2004 PDG average.The latterdisagreem entisunderstood to be due to
the im proved treatm entofthe radiativecorrectionsin the recentanalyses.
3. M easurem ent ofthe direct C P V param eter A g in K
 ! 3 decays
K  !  +   and K  !  00 decaysare am ong the m ostprom ising processes
in kaon physicstosearch forCPV phenom ena.Thedecay density isparam eterized (up to
radiativeand  rescattering e ectsstudied separately [6,7])by a polynom ialexpansion
d
2  =dudv  1+ gu + hu2 + kv2; (5)
whereg,h,k arethesocalled linearand quadraticDalitzplotslopeparam eters(jhj;jkj







; si = (PK   Pi)
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; i= 1;2;3; s0 =




Herem  isthe charged pion m ass,PK and Pi arethekaon and pion four-m om enta,the
indicesi= 1;2correspondtothetwopionsofthesam eelectricalcharge,andtheindexi=
3 to thepion ofdi erentcharge.A non-zero di erence g between theslopeparam eters
g+ and g  describingthedecaysofK + and K   ,respectively,isa m anifestation ofdirect
CP violation expressed by thecorresponding slopeasym m etry
A g = (g
+
  g
  )=(g+ + g  )  g=(2g): (7)
The above slope asym m etry is expected to be strongly enhanced with respect to the
asym m etry ofintegrated decay rates.A recentfullnext-to-leading orderChPT com pu-
tation [3]predictsA g to be ofthe orderof10
  5 within the SM .Calculationsinvolving
processesbeyond theSM [4,5]allow a widerrangeofA g,including substantialenhance-
m entsup to a few 10  4.
A m easurem entofthequantity A g wasperform ed with a record data sam plecollected
in 2003{04with sim ultaneousK + and K   beam s[8].Them easurem entm ethod isbased
on the study ofratios ofu spectra ofK + and K   decays,and exploits cancellations
ofm ajor system atic e ects due to the sim ultaneous collection ofK+ and K   decays,
and regularinversionsofm agnetic eldsin thebeam lineand thespectrom etricm agnet,
which allowsachieving  10  4 precision.Theeventsam plesarepractically background-
free,and contain 3:11 109 K  !  +   candidates,and 9:13 107 K  !  00
candidates(theK + /K    ux ratio,on which howevertheresultsdo notdepend,is1.8).
The CP violating chargeasym m etriesofthe linearslope param eterofthe Dalitz plot
ofthe K  !  +   and K  !  00 decayswerem easured to be
A
c
g = (  1:5  1:5stat:  1:6syst:) 10
  4 = (  1:5  2:2) 10  4;
A
n
g = (1:8  1:7stat:  0:6syst:) 10
  4 = (1:8  1:8) 10  4:
(8)
The archived precision is m ore than an order ofm agnitude better that those of the
previousm easurem ents.Theresultsdonotshow evidencesforlargeenhancem entsdueto
non-SM physics,and can beused toconstrain certain SM extensionspredictingenhanced
CPV e ects.
4. Sum m ary
A num ber ofrecent m easurem ents ofCPV param eters in kaon decays by the NA48
collaboration at CERN are presented.The achieved precisions are sim ilar to or better
than the bestpreviousones.
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